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mm&] mmm 

R 1 R 2 C = CR 3 R 4 Cl] 
(5^ R 1 , R 2 , R 3 S.t^R 4 tt^tl^tlSfcftl/T, TK^M-?, #,M<3fS/ 

„ R 1 , R 2 , R 3 M*R 4 ©Mti^zio^^ti^ti^^7K^M^$:^y 

^LTV^&m^ HIC&R 1 , R 2 , R 3 &t>*R 4 (D^l^riofr e>*itM 

Hfci] 



H °\ /° H 

R2 R3 



(5$^ R 1 , R 2 . R 3 WR 4 «lcffa^lHbo )^3W1,'2-^- 
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[0 0 0 1] 
[0 0 0 2] 

S:^Lfc^CilI^«?lCi:oT i, 2-s?^--;i/S:#s^^-sr<^e>^ie>n 

TV^ [Organic Syntheses, Coll. Vol. 3, 217-219 (1955) ; J.Am.Chem.Soc. ,67 
,1786-1788 (1945)4?] „ Z. *l M/S^T^lC^OOl^*, 

mmmzmimnLT. t^o^^x^i/F^in, 2-^ 

-/l/&imt-&2r«#&&*lTV>S (#i^4-4 14 4 9#M) tf, Rfom 

mm&Mm*m^r zLnb&mm&zmmh «fce> £-t^m£hxit. mmit 
■fcmfo£*^7 4yfrb> zysfxTymfazmmt. vx—mmx 1 , 2-^ 

-;i/£§g^£:£&#^i£3*lTVN3 [J.Chem.Soc. ,1949,2988-3000 ; J.Am.Oil 
Chem.Soc. ,44,316-320(1967) ; Tetrahedron Lett. ,29,823-826(1988)^] i)K 
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& [EP146374 ; Synthesis ,1989 ,295-297^] 3*l£>©#& 

mcm-4 i^&Mv>fe^U'7^>i:ifim'ft:^xK(OM*S^##StiTv%s [J. 

Cat., 145, 151-158 (1994) ; Chem.Commun. ,1998,325-326 ; J. Cat. ,189,40-51 (2000 
[0 0 0 3] 

i 



[0 0 0 4] 

[0 0 0 5] 

UP*k [1] 

. R 1 R 2 C = CR 3 R 4 [1] 
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rar^n^*/*;^-/!/*, parkas, m mt/vjvm. 

. R 1 , R 2 . R 3 S.t>*R 4 (3D#tl^o^-e^tl^e>7K^M^- : &^y 

JgJ*bTV*T%.&<", HiCliR 1 , R 2 , R 3 RZFR 4 (Dffiftfr^fribTkmB 
^fclR y Bftv^3£*# 2 flff©JK^X»/;Rtf 2 tiff<Z>Wf&g£:fr bTSv^cMl^ b 
T, ^tife^^bTVxSCiK^ ^— JKKiaioTaiSr^bTV^^AVN. ) 

7K^tM/SSiiS^il&#mi:i-S. -jR^ C2] 
[ft 2] 



Ri / <y R 4 C2J 

R2 R3 

(5£tfr, R 1 , R 2 , R 3 ;&tfR 4 ti:tMBi:Rie;. ), 
[0 0 0 6] 

tMB-«*[l] JCfcV^, R 1 , R 2 , R 3 . R 4 ^gmS^^bTV>T% 

J:v^r^^36©»•&<^>T^/^S^:bT^i, ^lS»i~3 0, #*b<«i 
-2 ocD*^xi±^^©T;v#^^Plf *>*u A#«i:UTtt«^tf, * 
x^S. ^nif;H, ^s/^ai, e>*i§.. R 1 

, R 2 , R 3 . R 4 ^eglS&^bTV^T ; b.J:V^^^^T;^^;V^O«-a'CD$/^ 
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R 1 , R 2 , R 3 , R 4 ^Sm*£^bTVNT%<fcV%yy-;i/g©#-£<Z>T 
U-/l/«fcbTB:, «*tfK*Rl*6~2 0, f*b<li6~140*l, #^ 
XttllP&**©5HR»«fls*3lU6^W r &*i, *»;Aflt»K:tt, 7xx 

7xt>h'JM, tf^x-^/S^^Jf e>*i*. r x v r 2 , r 3 , R A t>m 

^-^^^x^;v«^#if r 1 , r 2 > r 3 , R 4 &m.mm 

feCD^W&tl, J:yjl#WtCtt, 0ff*.tf* 9 fcTU^*, ^x 

[0 0 0 7] 

r 1 , r 2 , r 3 , R 4 f}mm&^mhx^x^^^rj]yzi^pm(Dm^<Dr 

i-^a>ff*S/g, t-:f h**/g^##tf e>tis. r x > R 2 . R 3 > R 4 t>m 
M a £ ^ b T V * T =fo «fc V > y J]/ n dp # ;b tf? — )\y m <D % & <D 7 )\j n 3f is )\j ^ — ;i/ 

«£bx&, jBan»2~3i, b < tt 2 ~ 2 i ©titxi^ttcor ;w 
x hap t/#;t/jK-;i/S> i-^njK^S/*;v^x;i/S, t-^h*s/:*j/i/jtf:=./i/3£ 
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, 7x; **/Jifrtf-)m4§Wmtfb1n>2>c R 1 , R 2 , R 3 , R 4 ^fISI: 
itmifbtlZ. R 1 , R 2 , R 3 , R 4 #gmg£^bTV^%4:V%y3 K3£© 

m^(Dmmr^^mnLrit. ^g2~3i, ^$b<}j;2~2i©titx 
. r 1 . r 2 , r 3 , R 4 f}mmm^mhx^x^^^iyv;vm<Dm^(Dnmty 

hU7ai— ^S/y^/*^«fcWT fetlS. R 1 , R 2 , R 3 . R 4 #g|&S£ 
0 R 1 , R 2 , R 3 , R 4 ^gg|a$:^fbTV^T*J:V^^;l/^-f-;^a©#^-© 

tix^7-f-;i/ititn itMtut, ^f;vx;i/7^-^i> 7^x;i, 

*;i/-7-f x;i,S^##tf e>*l£= R 1 , R 2 . R 3 , R 4 tfg&S&^LTV^ 
7ain;i/x;i/J^x;i/a^^#tf e>tiS 0 R 1 , R 2 , R 3 > R 4 

[0 0 0 8] 

> r;i/ndps/^ r;bzrdf y*/jvm. fs, ^v;vm> * 

f^®7'J-^ li«t^^5-;i/i, try^;i/as, 7'j;i/if©ii 
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h*5/#/t/#— ;bS, 7i;^^*M_Mfo7^3^i/*;b5K-;n, x 
/i/j*:/|fc3S, i/r;l, -hnl, y *^;i^>v ;t/*> h'J7x-^> 

VJim^<Di/Vfrm. fcFn^*/«, M;tfc£&lttg|y^ F«, *^;i/7^F», 
ynbf;i/T^F^ f-h$Tr*s)i/T$ FS^tf>7^ FS> M;U£7-fe^;i^ * 

u;i/S^©3Jn^jJ>u;vs, #f>u£*^;i/x;i/7w — ;bg. 7x-jvx;i/7-f-^ 

[0 0 0 9] 

2u7n/j}*J3iym.mi$m?h^ tti^cD^MUhxit, i/#u7uAym 
, S/^n^-fes/aiL y?u?t?'ryn. i; V u ^y Z *J ^yM. i/^n^s^if 

MictiR 1 > r 2 > r 3 ^r 4 <DmM^^fr^ikmm^*nv^t=.mm 

^2«©M^X»/^2«©WfgS5:^bT3:VNCM^bT> ^n^^^b 
X^&Cm^Z.— MJC&oT^fc^bTV^tj&V^ ZKD^tf) 2ffi©J§C^ 
tUtii, BfcRiK^ BSy§^ flfmM^M^ *fe2M©WlgSi:bTtt>>U 

[0 0 10] 

j|«!I£bTfc}:, 2, 3 2 -rfry. 2-^^;b-2-^ 

2 -A7°f>> S/#a^>-r>, i/^n^^-fe>> l-^^^^^n^ 
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[0011] 
[0 0 12] 

tt^Sts^ -«»Jctt*i/7-r y<Dzm.ffia?mizftVT 1.0-20.0^1 

, ^*b<tti .o — 5 .omMt<Dmmfr*>mi**i&o 

[001 3 ] 

&m>&<fc%jRJ5tt£S , rs#> 7/i/a-/i/8U x— tKM, x*^;v^, x 

jyizftLx o.5~i oftiit, ^*b<»i .o~3 .otism%&<Dmmfr 

t l ,4 THF, rth-MJM h/i/x 
ytgtfWBZn&o 

[0 0 14] 

©jW*L^. —MKlt. x*vym&<fr> x?-uy}i*?}s~jis<yiiy<D&m. 
^»7y X$ WJi*<z> ffiffil k: ^ ;i/ * > & m t & % <d #x!SSi»lc A# 

^^l/>M#<**Tftt. ffil^tf* Amberlyst 15 (** 
;V^V^#?±IS) . Daialon PK228 (H^ft^tt^frtg) 
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, ^uy-if^-jv^yH te, msc-i (Anyf 

y **fc5^*±S5[) *fe7y**#l«TfM:, HittNa'f ion-NR 

50 (DuPont > Nafion-SAC13 (DuPont *±UD ^ 

[0 0 1 5] 

*mmicm^2>z.£&m$kz>. b^u m^m^sc^^-t^^ *u-7j y\z 
.ooooi~i o^*. fiKiio.oo i~imA<Dmmfr*oM\£n& a 

[0 0 1 6] 

, bur b * * ift y ag b -r s d i: hT« » s . 

[0 0 17] 



[0 0 18] 



Naf ion-NR50 (DuPontftl) (5 0 0mg, jc\s~7 4 yKM 

*2>z.frfcyMM<nmAlZ0 . o 4 fc*g^) , 3 o %»ttfls*JMc£Mft (2.23 
g, 19.6 mmo 1 ) RZ$i/# U 'S^-fe y (8 1 0 mg, 9.81 mmo 1 ) £ 
7 0iC5 2 0l|»Lfe, SlS«F7«, ^»&Naf ion- 
NR 5 o&»jabT3t»JI»S, ***tcift»K:#<E'r«aiftfl:**&^iW"rsfe 
(10mg, 0.115 mmo 1 ) %itijlfe e HJ&*§?£&itil 
b£&, n-*U-:n^3Kl/-*-&Mv\T**&W*bfci:£3, 
1 , 2-J/^nA^>9't-;i/^e«tUt 1 . 1 2 g (9.63mmol 
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) #<b*lfc (JRSP: 9 7.7%) . mbtlfc&&n$iZ71ZhyfrP>nffiMtLtc. 

[0 0 19] 

umm i 

3 0 %3aiftflS***»* (2.2 3 g, 1 9.6mmo 1) 9 W\*1zy 

(810mg, 9.81mmol) I^U 7 0 °CT* 2 0 I$f8f8fc# Lfro MM 

mmtm<Dmft&ffvfc£z.z. b^yx- 1 , 2 -s/^n^^-9->y^--;v 

««efi»*ilLT 1 1 .4mg (0.0 9 8 mm o 1) #6>tlfe (JR* : 1.0% 

) a 

[0 0 2 0] 

HI»J2 

ISifem *3ftbT#*lLfcN afion-NR50 «:4>*©**e 

Sfc^U ^nA^>(9.81mmol) il 3 0 %»flKfc***Htift ( 1 9 . 
6mmol) ©aSCSraife. 7 0 °CT* 2 0 BjrISLRJi&Sltfc £ ~ 5. 

i ,2->>^n/\^r-9->^^*-;i/^9 5 . 9 %©iR^-e#e>^fe<, nr&<z>& 

#T?N afion-NR50 VXfcJ&Zft o'fc £ X 5, 1 0 m©Ml^l? 

[0 0 2 1] 

Ml] 



NaflonjPttgg&flj^ 23456789 10 
ggtgg(%) 9S.9 96.2 96.7 96.0 94.3 94.0 95.5 95.0 96.1 

[0 0 2 2] 

Na f i o n — N R 5 0 0D4§r^b$-&> H WJ 1 £ l^#JC 5/ ? D 'xSfir > ( 
9 . 8 1 mm o 1 ) £30 %i®gtft7jCj!i7K?t?& ( 1 9 . 6 mm o 1) £ © RJ& & 7 
0°CT*2 O^ffofeo *ft?tl<DBifo3kft'Vn*>tlfcb?yX-l ,2.-1/9 

u^-y-yyjr-ft&tiLmzmzKm?* ' 
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[0 0 2 3] 



[*2] 



3 115 11.6 

4 294 64.9 



[0 0 2 4] 



>>^n/\^ir> ( 9 . 8 1 mm o 1 ) i:30 %ii^(S2Kfit2K?§?£ (19.6mm 



o 1) tCDfcm*. mmmi tm^i^ Nafion-NR50 (500mg) 

- ^ n 'n y *JJr - ;p ©iK^ £^ 3 c^-r „ 

[0 0 2 5] 





£JS$P.3(h) 




5 


2 


5.6 


6 


5 


12.6 


7 


10 


41.4 



[0 0 2 6] 
MMffl 8—10 

mtciDM&^XfrftyWl&m^s i/#W\3r1z> (9.8 1mmol) £30 
(19.6.mmol) H<Dfci&%:7 0°C"e2 Oti^ofec 
m^ftfch^yx- 1 ,2-^^n^\^r-tJ->^^-;KZ)lR^$:*4{Cat-ro 
[0 0 2 7] 

[*4] 

8 Nafion-SACl3 509 94.9 

9 Amberlystl5 507 82.8 

10 Daiaion PK228 499 22.3 
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[0 0 2 8] 
MMMl 1—16 

Nafion-NR50 (5 0 0mg) £JfV\ (jt\s7J >IZM 

blfttil) <Z)#£T, ^nA#t> (9.81mmol) 1 3 0 %mWlit 
^7jc^ (1 9.6mm.o 1) £. (DKJfc* 7 0 T> X 5 B#H9??o fc„ h 

1 ,2-s/^n/\^-9->^^-~;i/©iR^5:^5(c^ > r < , 

[0 0 2 9] 

[^5] 









ii 


i,4-S>tMp-*> 


30.9 


12 


7-feh-HJ;u 


27.3 


13 




21.6 


14 




15.9 


15 


THF 


14.8 


16 




6.3 



[0 0 3 0] 

mmm 1 7 

Nafion-NR50 (5 0 0mg), 30 %jt^-fb7K^7K^^ (2.0m 
L, 20.3mmol) , Stf2,3-i?^^-2-^f> (1.1 7mL, 9. 
8 7mmol) 7 0 °CT* 2 0 ftmMWVfe, 1 H-NMRtC .fcSitfi 

£?Tofc£3 5, 2 , 3 2 ,3 -^^>i?^-;i/©JR^l±8 5.9% 

[0 0 3 1] 

£%ttf is 

Nafion-NR50 (4 9 5mg), 30 %i»BMb***»?ft (2.0m 
L, 2 0.3mmo 1) , M2-^f ;i/-2-^>f > (1 .0 8mL, 8.8 
5mmol) II^U 7 0 TCt 2 0 H5MBI8t# b fe . 1 H - NMR{C £ 
ffofeildS, 2-**"/l/--2 ,3 ~^>^>^^--;i/(DJR^«8 3 .0%-e&o 

fee 
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[0 0 3 2] 

mrnrn 1 9 

Na f i on-NR5 0 (4 9 9mg) , 3 0 %jftfiftfl:*3R*HHR (2.0m 



rnmoD^U 7 0°CCX*2 ommnWhtc. 1 H -NMRtC J: 
ft-otchZ-Z, 2,3 -s\-7$yi?yt-)V<Di&miZ6 6 .0%T'&ofe 0 

[0 0 3 3] 
HJi«2 0 

Nafion-NR50 (5 00mg) , 30 %5ftiftfl:*5R*** (2.0m 
L, 20.3mmol) , M^^n^>f> (0.88mL, lO.Ommol 
) &»&U 4 0TCT'2 0l|»lfe. 1 H-NMRJCcfcS^ifc^ofc^ 

5, h7>x-i ,2 - s/*n*>#>$M--/i/<DJlM*tt8 o . 3%-e&ofeo 

[0 0 3 4] 

Nafion-NR50 (5 0 2mg), 30 %3B8Mfc*3S2K*?ft (2.0m 
L, 2 0.3mmo 1) „ Ml - *?-)Vt/ ? W\*-t> (1 . 1 7mL, 9.8 
5mmol) £»&U 7 0 1CT? 2 0 »IBat#bfc. jRJ&aiFTtk 

H»^lTofei:r5, i 1 , z -*/ 9 w\*rVy i . 1 

Og (8.43mmo 1) #^fc ()K$: 85.6%) . 
[0 0 3 5] 

mmmz 2 

Nafion-NR50 ( 5 0 1 m g ) , 30 %MWlikftM&&Wi (2.0m 
L, 2 0.3mmo 1) , 1 , 4 - */ 9 U s\*cW ^> (0.9 2mL, 9.8 
6mmol) SrMl^b, 7 0tt2 OHKIfflfc. 1 H-NMR&C 
ffofeiir5, 1,2,4, 5-i/?U'\*Vy^-h ; 7?t--»<D$ZmZQ 2.3%T» 



[0 0 3 6] 

2 3 

Nafion-NR50 (5 0 7mg) , 30 %3ffiIftft;2MtaK»*ft (2.0m 



L, 20.3mmol) ,-fttfh9>^-2- 



( 1 . 2 4 m L , 8.8 4 
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L, 2 0 . 3 mmo 1 ) , W7'j;i/7;i/n-;i/ (0 . 6 8 mL, 9.90mmo 

i) %a#u 7 or:-e2 oftffiMWhfc. Kj&mT%.. mmmi nmm&Witt 

£?To £ ^ 3> -fen-;i/^9 1 2mg (9.9 0 mmo 1) #6>tlfe (J& 
m : 10 0%) „ 

[0 0 3 7] 
HS&M2 4 

Nafion-SAC13 (1.50g) , 30 %m^t7^M^^WL (4.0m 
L, 4 0.6 mmo 1) , %.X$7fr \s4 l/W. (3 .2 OmL, 10. lmmo 1) £ 
I-^b, 9 0t)T2 0W#bfc„ MJ«T^> HifeMl 
fcilCl 5, 9 , 1 0 FD^i/t^^rA>^2 . 5 7 g (8. 11 mmo 

i) #e>*xfc mm : 8 o .3%) 0 

[0 0 3 8] 
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[Mt£] *»» 
[MM 

y * ymt.mmfc7km£.*Kj&2>&2>zL i, 2-^-^©is 

[3HRB] ftb . 
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ffi m a 



»J## [3 9 6 0 2 0 8 0 0) 

1 • ft 1 9 9 8^ 2|24H 

ft m n^mwu-^^ATn i#8-^ 
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m M a 



S»jM## (3 0 1 0 2 1 5 3 3) 

1. 3£!E$U!B 200 1^ 4J? 20 

a m jfcscaj^ttHKfc.tfw i - 3 - 1 
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